Classroom discourse analysis has contributed to understandings of the nature of student-teacher interactions, and how learning takes place in the classroom; however, much of this work has been undertaken in teacher-directed learning contexts. Student-centred classrooms such as problem-based learning (PBL) approaches are increasingly common in professional disciplines such as the health sciences and medicine. With the globalisation of education, health science and medical education, PBL classrooms are often sites of considerable linguistic and cultural diversity, yet little is known from a classroom discourse perspective about the language demands of PBL. This paper examines the ways in which the students and tutor negotiate and construct meanings through language in one first year physiotherapy PBL tutorial at an Australian university, with a particular focus on the ways in which the discourse is regulated in a student-centred learning environment. The analysis of the classroom discourse is underpinned by Halliday's systemic functional linguistics. The findings provide a description of the linguistic resources students draw on to co-construct and negotiate knowledge, as well as show how the tutor, with minimal strategic interventions, scaffolds the students' learning. The findings also suggest that the PBL environment can be a challenging one for students whose cultural and language backgrounds are different from that of the classroom. 
PROBLEM BASED LEARNING IN MEDICINE AND THE HEALTH SCIENCES
Problem based learning (PBL) was originally introduced in the Medical School at McMaster University in Canada in the late 1960s (Neufeld et al. 1989) and is now a common curriculum component in medical and health science schools around the world (Hawthorne 1998; Wood 2003) . Distinguishing characteristics of PBL are: the inclusion of a problem or 'trigger', which a small group of learners aims to 'solve' (Charlin et al. 1998) ; its learner-centredness; and its reliance on dialogic and collaborative learning (Hmelo-Silver 2002; Kelson and Distlehorst 2000) . The rationale for the PBL approach in medicine and the health sciences is that its emphasis on real world problem solving develops students' capacity for clinical reasoning (Barrows 1986) , and that it facilitates acquisition of both basic and clinical sciences in a way that enables retention and transfer to clinical tasks (Titchen 1987) . PBL also has a humanistic dimension as students learn to explore the social as well as the scientific and clinical aspects that are relevant to the case. The role of the tutor is one of facilitator or coach rather than content expert, and much of the medical literature on PBL has focussed on the tutor (e.g. Kaufman and Holmes 1998; Maudsley 1999 Maudsley , 2003 . For students, the student-centredness of PBL is viewed as considerably motivating . Models of PBL can vary along a number of dimensions: for example, the role of the tutor, the processes students follow, the way researched knowledge is demonstrated or performed (Charlin et al. 1998) , and the extent to which PBL is incorporated into the curriculum. Of particular interest to this study is how learning is structured and by whom, as well as the generic stages of the PBL and how these unfold.
PBL IN LINGUISTICALLY AND CULTURALLY DIVERSE SETTINGS
While there is extensive literature on PBL, only a small amount of this research has focused on PBL in linguistically and cultural diverse settings (Hawthorne et al. 2004; Remedios 2005) and in non-Western contexts (e.g. Dixon et al. 1997; Whitehall et al. 1997) . Issues that emerge in this literature include students' reliance on the tutor to facilitate discussion (Dixon et al. 1997) , the significantly lower participation of overseas-born students' in tutorial discussions compared to local students, and overseas-born students' perceived reluctance to adopt PBL tutorial roles (Hawthorne et al. 2004; Remedios 2005) . In the literature on English second language speakers in tertiary settings, Asian students studying in Western contexts have been reported to be more passive in the classroom than their local counterparts (e.g. Ballard 1995; Ballard and Clanchy 1991) . However, Asian background students and other overseas-born students' lower participation rates in PBL are less likely to be due to perceived passivity than to the linguistic demands of the PBL classroom, which include frequent topic shifts, dynamic interactions with multiple participants and shifts between informal and formal discourse. There are also tensions to do with gaining and holding the floor (Remedios 2005) . While PBL can also present communication challenges to native speaking students (Blue et al. 1998) , the classroom culture of PBL can be in stark contrast to overseas-born students' prior educational experiences and cultural values. Students in Remedios' study (2005) of overseas-educated students' experiences of problem based learning in an Australian Physiotherapy setting reported reluctance to interrupt other students as it was perceived as rude, and reluctance to offer contributions which they themselves did not consider 'quality' or well thought through responses. Indeed, overseas-born students have reported in language support classes in the Faculty that they view spontaneous contributions such as those which occur in the hypothesis building stage of PBL as demonstrating a lack of critical thinking.
The primary motivation for this study into classroom discourse patterns stems from the authors' role as Faculty-based language support lecturers for international students studying in the Faculty of Medicine, Dentistry and Health Sciences at the University of Melbourne.
1 The Faculty has a PBL curriculum model in two schools, and currently has 1215 full-fee paying overseas students, primarily from Malaysia, Singapore and Indonesia. In the Faculty, overseas-born students' reasons for requesting PBL language support echo the issues reported by the students in Remedios' study; furthermore, tutors regularly report under-participation of overseas-born students in their PBL classes. For the first author in this study, PBL was an unfamiliar curriculum model; therefore, in order to provide effective language support to these students, a thorough understanding of the classroom discourse patterns, generic stages and educational goals of PBL was required. The authors' wider research into PBL is motivated by an interest in the extent to which language and culture can hinder learning in culturally and linguistically diverse PBL classrooms.
DISCOURSE ANALYTICAL ACCOUNTS OF PBL
In the medical literature, much of the research into PBL is survey based or interview based, focusing on evaluation of aspects of PBL (e.g. Maudsley 2003) . Research interest in the language features of PBL classrooms has stemmed mostly from researcher-practioners teaching in language support contexts such as Faculty based support (Imafuku 2006; Remedios 2005) , EAP (Wood and Head 2004) and English speaking universities in ESL contexts (Legg 2005) . This research has provided insights into the generic structure and processes of PBL, the differing tutor roles, as well as highlighting the differences in the processes of 'doing PBL' amongst medical and health science schools. Detailed discourse analytical studies such as Legg's (2005) and Koschmann et al.'s (1997) work provide a clearer picture of the types of knowledge students construct in interactive discourse, and the role of the tutor in scaffolding learning and identifying learning issues. The current study seeks to build on these contributions by drawing on a classroom discourse analytical framework in order to investigate more fully the ways in which students and the tutor co-construct meanings and negotiate knowledge.
THEORETICAL FRAMEWORK, METHODS AND THE RESEARCH CONTEXT
According to Christie (2002) , two themes underlying the work of classroom discourse analysts are that behaviour, including language behaviour, is structured experience, and that language is a social phenomenon. These themes provide important starting points for investigating how classroom talk contributes to the realisation of pedagogic goals and for understanding how interaction facilitates knowledge construction; for in the words of Lemke (1995) meaning-making is not 'something done by minds' but a social practice in a community. This research into the discourse patterns of a PBL classroom draws on Christie's functional approach to classroom discourse analysis, which is in turn underpinned by Halliday's (1994) functional linguistic theory as well as Bernstein's (1990) conception of pedagogic discourse. Bernstein's view of pedagogic discourse is that it is socially constructed, consisting of two registers: the regulative register, which is to do with the instructor's aims for learning; and the instructional register, which is the learning content. Bernstein describes the instructional discourse as embedded in the regulative one as the regulative discourse selects and guides what is learnt. The first research question in this study is how and by whom the discourse is regulated in a studentcentred learning environment. The second major question is how knowledge in the PBL classroom is constructed through language. Halliday's metafunctional perspective of language as a meaning-making system is utilised to investigate the ways in which the participants represent and organise knowledge as well as the impact of their social roles on the negotiation of meanings. Eggins and Slade's (1997) analysis of interactive discourse structure, particularly speech functions, also informs this research.
RESEARCH METHOD
Video-recordings of first year Physiotherapy tutorials at the University of Melbourne were undertaken using two cameras and with the consent of participating students and tutors. The recordings were undertaken in the context of a larger study (Remedios 2005) into the experiences and responses of overseas-educated students to problem based learning in Physiotherapy. Based on Webb and Remedios' (2000) summary of the PBL process in the School of Physiotherapy at the University of Melbourne provided in Table  1 , segments of talk with a co-construction and negotiation of knowledge focus were selected from the PBL cycle. For this paper, a 50 minute video segment from a PBL called 'My foot gives way' was transcribed using a modified transcription key from Eggins and Slade (1997) . Speaker turns were numbered. The transcript was analysed for generic stages, with reference to the School outline of the PBL process, then analysed for classroom discourse patterns. The segment is the initial PBL session in which key information and the problem were identified, and hypotheses were generated (points 1-3 in Table 1 ). The trigger, which was distributed to students as they entered the room, is provided below:
Trigger: You are doing a clinical placement at the university sports medicine clinic. It is Thursday and your next patient is Janine, a nineteen year old full-time science student at Melbourne University who hurt her ankle playing netball on the weekend. She states that she can't walk properly and that her left foot is swollen and feels like it will give way. Janine swims and runs regularly and is preparing for national netball trials next week. She comes from Warrnambool and is living at a university college.
Task: Explain to Janine in terms of functional anatomy and kinesiology, why her foot gives way and advise her on her goal of competing in the trials. 8. During the above processes, identify any LEARNING ISSUES. Write them on board. Each student should take responsibility for independent research in the core learning issues.
Session 2 -1hr
Students review their research work on the mechanism and work on the mechanism linking the hypothesis to the problem. Review learning issues.
Session 3 -2hrs
1. Students contribute to the understanding of the learning issue to the resolution of the problem. (use models, flow charts, overheads, role-play…)
2. The mechanisms linking the hypothesis to the problems need to be completed. 3. Group members give each other constructive feedback on how they contributed to the group process.
4. The group should complete the PBL evaluation sheet. This is a time for students to reflect on the learning objectives of the problem 
THE RESEARCH CONTEXT: PBL IN THE SCHOOL OF PHYSIOTHERAPY, THE UNIVERSITY OF MELBOURNE
Physiotherapy tutorials within the School typically consist of between 9 and 11 students with a tutor acting as facilitator. The group nominates a chairperson, a scribe to record the student discussion on the whiteboard, and a recorder who takes down notes from the whiteboard and disseminates these notes to students in the following session. In the first session, the trigger is discussed, and hypotheses and learning issues generated. Students meet in the second session, minus the tutor, to discuss their research and responses to the learning issues. In the final session students discuss their findings as well as management issues. In the School of Physiotherapy, approximately 10% of the students' weekly class contact hours are PBL tutorials (5hrs a fortnight), with the rest of the contact hours devoted to clinics, lectures and practical classes. First year students attend an introductory PBL session, in which the rationale behind PBL is discussed and the processes of PBL are outlined. On the day of the video recording, there were 10 participants in the PBL tutorial. The participants are referred to by pseudonyms in the data. These students could be considered as novices in PBL as they are in the first year of their studies; however, by second semester in which this session was video-recorded, the students demonstrated a clear familiarity with the requirements, processes and stages of PBL. Table 2 provides a snapshot of the participants and their backgrounds. The designation 'local' student means that students are enrolled as local students rather than full-fee paying international students. In terms of the English language proficiency of the international students, the university requires entry level IELTS scores of 6.5. The students had attended approximately 20 hours of clinical visits with a view to becoming familiar with clinics and observing physiotherapists at work. Therefore, in the context of the PBL on 'My foot gives way', students had only limited clinical experience to contribute to the PBL session. 
RESULTS AND DISCUSSION
In this discourse analytical case study of the initial phase of a first year Physiotherapy PBL tutorial, the snapshot of interaction that emerged from the 50 minutes of analysis shows that in this conceptual and hypothesis building phase of the PBL, the pace of the interaction among participants was frequently halting and measured rather than fastpaced and dynamic. In the 264 turns of the segment, there was little overlap in turntaking, turns were rarely more than several clause complexes, and there were frequently extended periods of silence as the scribe wrote notes on the whiteboard. Turns often consisted only of minor clauses, and were dominated by the local English native speakers in the group. Indeed, the results for the number of turns per participant show that the verbal participation of the non English-speaking background students was far less than their English speaking background colleagues (Table 3) . For example, Jerica managed three contributions in the early Identifying Key Information phase and was then silent throughout the remainder of the 50 minutes. This is despite her adopting the role of Recorder, a role which frequently requires clarification of information. The four overseasborn students participated less than 10% of the total number of turns, a finding which echoes Hawthorne et al.'s (2004) findings in the School of Medicine in the same Faculty. The overseas-born students are indicated by shaded areas in the table. Table 3 Quantitative results for participation rates amongst PBL participants Table 3 also shows that the tutor did not dominate the interactions and that her number of contributions was limited. While the nature of the tutor's contributions is discussed below, it is worth noting that the tutor rarely made evaluative comments and that the Initiation, Response, Evaluation pattern of classroom discourse (IRE) (Mehan 1979) , so common in teacher-centred classrooms, is absent from the transcript. However, this finding differs from Imafuku's (2006) study of three PBL classrooms, in which the IRE discourse pattern was predominant in one of the tutor's contributions.
The results also show that the unfolding of the PBL process is far more dynamic than the guidelines of the PBL Processes (Table 1) suggest. In Table 4 , the 'ideal' stages and sequencing identified in Table 1 as procedural stages (e.g. read trigger, identify key information) have been re-labelled as functional stages (e.g. Identification of the Issues) in order to make the comparison between the 'ideal' stages and 'realised' stages more transparent. Major stages in the PBL are indicated by bold script.
Instead of the three initial phases unfolding as the discrete stages of Introduction to the Problem^ Identification of the Problem^ Statement of Hypotheses, participants merged stages and attempted to bring stages forward before the Introduction to the Problem stage was completed. Students merged the sub-stage of Identifying Key Information with the sub-stage of Explaining and Identifying Implications of the Key Informa-tion. Learning Issues emerged as stages, and in one instance, the Identification of Hypothesis stage was attempted prematurely. The analysis shows also that students had difficulty differentiating between explaining the rationale for identifying key information and building hypotheses. This is coded in the analysis as Explanation > Statement of Hypotheses, where > represents the blurring of the distinction between explaining the significance of a piece of key information and building hypotheses for the PBL problem. In the following exchange from an Introduction to the Problem (Explanation > Statement of Hypotheses) stage, this confusion is verbalised as Bella attempts to clarify the nature of the Sarah's contribution in turn 173: Table 5 REGULATING BEHAVIOUR AND GUIDING LEARNING Bella's question in turn 173 is an attempt to clarify the function of the previous contribution in terms of the stage of the discussion. It can also be interpreted as an indirect attempt to regulate the contribution, and keep the participants 'on track' in their management of the case and the PBL processes. In this learner-centred environment there are several instances of Bernstein's regulative register, whose purpose is to regulate and guide behaviour. In these instances, the purpose of the regulative register is to signal the stage or sub-stage of the PBL move, or to instruct participants to move to the next stage. For example, in Turn 92 the conjunction 'so' indicates the causative dimension of Kate's statement, linking it to previously stated Key Information. The interrogative in Turn 1 invites a participant to commence the stage, while in Turn 234, the tutor chooses a modulated imperative to shift the discussion to the next stage. In Turns 235 and 257, both speakers use interrogatives to seek consensus to move on to the next stage, while Bella in Turn 257 reinforces this consensus-seeking through use of the collaborative first person plural pronoun 'we'. Table 6 While several participants used a regulative register to assist with the unfolding of the PBL stages, only the tutor utilised a regulative register to direct behaviours about thinking and learning. Four of the tutor's turns were a form of intervention in which she encouraged students in their learning. Processes to do with learning are underlined: Table 7 The tutor's interventions were minimal, but her use of the regulative discourse at strategic points helped to scaffold the students' learning. In other words, the tutor's interventions helped to extend the students' own thinking rather than providing them with answers. This finding supports Koschmann et al.'s (1997) finding that the tutor's leading questions played an important role in scaffolding the students' learning and thinking. Furthermore, in the 'My foot gives way' PBL, there were instances where the tutor scaffolded the stu-dents' contributions by recasting select everyday terms into a more condensed technical, academic register. For example, in the following exchange, the tutor provided the classifying term 'biomechanics' to focus Sarah's explanation and move towards hypothesis building in Turn 146. The tutor's contribution was greeted with relief by the students, signalled by laughter, and the term 'biomechanics' was taken up by Sarah, the Scribe, at Turn 152: Table 8 CO-CONSTRUCTING KNOWLEDGE AND NEGOTIATING MEANINGS Legg's (2005) extensive move analysis of speech functions (Eggins and Slade 1997) in medical tutorials showed that a range of speech functions were used by the tutors and students to co-construct and negotiate knowledge. Participants in the 'My foot gives way' PBL tutorial likewise used a range of speech functions to build up knowledge in the PBL. In Legg's study, however, the tutors dominated the discourse and used the initiating moves to seek a wide range of knowledge whereas students tended to use the opening declarative move only to confirm medical knowledge. In contrast, the findings from this study showed that a student-centred discourse pattern was predominant, with opening moves involving exchange pairs of declaratives and interrogatives with a confirmation as follow up regularly occurring in this 50 minute segment, particularly between a speaker and the Scribe as in the following example: Table 9 Co-construction of knowledge was also realised linguistically by sequences of declaratives by various participants to offer information, clarify, confirm, support, challenge and accept information. In such sequences, conjunctions and conjunctive adjuncts between moves as well as between the clause complexes within participants' moves functioned to establish logical relations of enhancing, elaborating or additive meanings (Halliday 1994). For example (logical relations are shown in bold):
In this extract, the conjunctive element so established an enhancing relation between the previous declarative in Turn 53 and Bella's contribution in Turn 54, while the conjunction and in Turn 59 functioned to establish an additive logical relation between the declaratives offering new information.
The role relations between students was collegial and informal, thus the learning environment was conducive for negotiating meanings. For the students who did verbally contribute, their colleagues were supportive of their contributions, and turns were rarely abruptly interrupted. While there were challenges to information offered, the challenging moves frequently included modality to soften propositions, and were often realised as suggestions with the inclusive 'we' pronoun. Participants sought each others' opinions, and made language choices which allowed for negotiation of meanings. For example, propositions frequently included modality (underlined in the examples) to allow for alternative perspectives: Table 11 Thus, the linguistic choices selected by this group of participants suggest that this PBL classroom was a collaborative and supportive student centred-learning environment, most particularly for those students who actively engaged in the discussion.
CONCLUSION AND IMPLICATIONS
This discourse analytical account of one PBL segment in a physiotherapy context provides a snapshot into how the stages of the PBL unfolded, how the behaviours and learning were regulated and guided, and how meanings were co-constructed and negotiated. Such accounts provide a greater understanding of how participants 'do' PBL, understandings which can inform student support sessions as well as curriculum documents which seek to make the process of PBL more transparent to students. The discourse analytical description of the interactions showed the important role the tutor's minimal but strategic interventions played in regulating behaviours to do with thinking and learning. This finding has implications for PBL tutor training sessions. Close scrutiny of the interactions also provides evidence for which students are participating in the verbal construction of meanings: in this session, the overseas-born students barely participated in the verbal interactions. For curriculum developers and academic support staff, the challenge remains for identifying appropriate linguistic strategies so that students can more actively participate in culturally and linguistically diverse PBL classrooms. For example, NESB background speakers could benefit from assistance in using conversational strategies to gain and hold the floor so that they have more opportunities to contribute what they have researched to the discussion. However, as many of the turns in this PBL tutorial were not fast paced, but consisted only of minor clauses together with stretches of silence, the NESB students may need assistance not only in 'interrupting' strategies, but in adapting their preconceptions of what they consider to be the nature of valuable contributions. More research is needed to understand possible contributing cultural factors such as different perceptions of critical analysis and critical thinking for the effective contribution of all students in culturally diverse PBL classrooms. Such understandings would benefit not only the overseas-born students but also tutors and local students who may mistakenly interpret the silence of their overseas-born student colleagues as due to an English language deficit.
ENDNOTES

1
For a description of this Faculty-based model of language support, see Hawthorne et al. (2004) .
